Duarte and Young (2009) decompose PIN into adjusted PIN (AdjPIN) and probability of trading caused by symmetric order flow shocks (PSOS). We explore sources of PSOS in the Korean stock market and examine the relation between PSOS and stock returns. Using transaction data with trader types and initiator information, we find that AdjPIN is not priced, while PSOS is negatively priced, a finding that Lai, Ng, and Zhang (2014) labeled "puzzling." We find that the negative price of PSOS comes from differences of opinion among domestic individual investors on the significance of public news.
Introduction
and their subsequent papers 1 propose a measurement of the probability of information-based trading (PIN) and empirically validate it. Duarte and Young (2009) (hereafter DY), however, document that the original PIN model fails to explain two well-known stylized facts in the US stock markets: the positive correlation between the numbers of buyer-initiated and seller-initiated trades, and the high volatilities of buyerinitiated and seller-initiated trades. DY suggest an adjusted PIN model that replaces the original PIN measure with two measures, adjusted probability of informed trading (AdjPIN) and probability of trading caused by symmetric order flow shocks (PSOS) arising from public information.
[Insert Table 1] As for the Korean stock market, the existing empirical studies also raise a question of whether PIN is an appropriate proxy for the information risk, or whether PIN is a significant determinant of expected returns (see Table 1 ). Specifically, Eom, Kang, and Kwon (2016) report that the problems of the original PIN model using US data, as reported in DY, also exist in the Korean stock market, and among five variants of DY's adjusted PIN model, the model without any restriction fits the Korean market data best.
In this paper, adopting DY's adjusted PIN model without any restriction, we examine the pricing effects of PSOS. In particular, we mainly focus on explaining the puzzling "negative" and significant relation between PSOS and expected stock returns, which has been reported in the global markets except the US, by investigating the sources of the symmetric order flow shocks in the Korean stock market. This requires performing cross-sectional asset pricing tests with PIN, AdjPIN, and PSOS; to examine whether they are priced or not.
DY report that PSOS is positively priced in the US markets and that it seems to be a proxy for illiquidity. 2 They document that there can be more than one possible cause for symmetric order flow shocks, but they do not attempt to identify the main source; the goal is to show that their inclusion of systematic order flow shock in the original PIN model improves the ability to explain the data. Lai, Ng, and Zhang (2014) (hereafter LNZ) examine the pricing effect of informational risk based on the original and adjusted PIN models, using international data from 47 countries. They find that PSOS is negatively priced, but describe this result as "puzzling." Therefore, the role of PSOS is important in extension of the PIN model, but the literature on the relation between PSOS and the expected stock returns reports mixed results and fails to explain these results.
The Korean stock market has distinctive features compared to the US stock market. First, the Korean stock market does not have designated market makers as does the US stock market.
In the Korean market, buyers and sellers, who can submit both limit and market orders, meet via the Automated Trading System. Second, in the Korean stock market, most of the trading is done by individual investors. According to Choe, Kho, and Stulz (2005) , in 1998, 77.43% of the gross value of stock sales was by domestic individual investors, and trading by the government and corporations represents a small fraction of the overall trading. They also note that this feature contrasts with the results of Tesar and Werner (1995) in the sense that in more developed countries, foreign investors are more active traders than local investors. We expect that these differences between the Korean and US stock markets may generate a gap between the performances of the sequential trading model, such as the original and adjusted PIN models, in the two markets. More importantly, the dominant shock generating the symmetric order flow can be different, and so the pricing effect of the symmetric order flow component estimated from the model can be different.
To verify the driver of the significant effects of PSOS, we pay attention to the characteristic of PSOS embedded in its definition, which is the trading caused by symmetric order flow shocks arising from difference of opinion on public news, and to the group of individual traders, who may behave as described in PSOS: one subgroup buys and another subgroup simultaneously sells based on the same public news. Our analytical procedures and results are as follows. First, following Diether, Malloy, and Scherbina (2002), we adopt the turnover variable (TURNOVER) as a proxy for difference of opinion, which is a potential cause of symmetric order flow shocks, 3 and examine the relation between PSOS and difference of opinion. 4 We find that PSOS is highly correlated with TURNOVER, and higher PSOS firms show higher increase of difference of opinion (TURNOVER) when there is public news that may lead to differing conclusions among investors. These results indicate that difference of opinion is the cause of the symmetric order flow shocks in the Korean market.
Next, to examine how difference of opinion affects the cross-sectional results of PSOS, we perform cross-sectional regressions with TURNOVER. We subtract the component related to TURNOVER from PSOS, then examine whether the residual remains significant. We find that the residual is not significant, which means that the component related to TURNOVER drives the negative and significant coefficients of PSOS in cross-sectional analysis.
Finally, we decompose TURNOVER into three components-the trading activity of domestic institutional (INTA), domestic individual (RNTA), and foreign investors (FNTA)-3 Of course, as DY document, there can be more than one cause for symmetric order flow shocks, and the main cause may affect the cross-sectional performance of PSOS. 4 Turnover is used as a proxy for difference of opinion and is documented to be negatively related to expected returns (Harris and Raviv, 1993; Vega, 2006) . Hwang, Lee, Lim, and Park (2013) also find the positive relation between PSOS and turnover, but they describe this result as "somewhat unexpected" and explain that this positive relation is because turnover is a noisy proxy of liquidity (footnote 15 on page 156). We interpret turnover as a proxy of difference of opinion following Diether et al. (2002). and investigate whether the trading activity of individual investors is the main contributor of the explanatory power of PSOS. Among these three variables, we focus on the trading activity of individual investors, because there is a belief that individual investors are uninformed noise traders (Kumar and Lee, 2006; Baber and Odean, 2008; and Baber, Odean, and Zhu, 2009) , who may draw different conclusions from public news. We find that individual investors show an increase in the numbers of both buys and sells and TURNOVER in response to public news, and this increase is larger for higher PSOS firms. These results show that individual investors generate symmetric order flow shocks because of difference of opinion. We subtract the component related to INTA from PSOS and construct an orthogonalized PSOS variable from the residuals; we repeat this process using RNTA instead of INTA. 5 We investigate whether those residuals remain significant in the cross-sectional regressions, to verify which component most contributes to the significant coefficients of PSOS. We find that RNTA contributes to the predictive power of PSOS in the cross-sectional analysis, while INTA does not.
We use transaction data with information on the trade initiator and the trader type (domestic individual, domestic institution, or foreigner) from 2001 to 2006 in the Korean stock market. In the related literature, the failure of the Lee and Ready (1991) algorithm to specify the trade initiator is shown to be problematic (Elis, Michaely, and O'Hara, 2000; Asquith, Oman, and Safaya, 2010; Hwang et al., 2013) . Indeed, Hwang et al. (2013) report that the asset pricing results of PIN, AdjPIN, and PSOS are sensitive to this failure of the Lee and Ready algorithm. Our data contains precise information on the trade initiator as in Hwang et al. (2013) , thus generating clean empirical asset pricing results. 5 We find that INTA and RNTA are negatively related to expected stock returns, while FNTA is not. We regard INTA and RNTA as the components of TURNOVER that may contribute to the negative coefficient of PSOS, thus we examine the effects of INTA and RNTA but not FNTA on the explanatory power of PSOS.
We show that PSOS is negatively priced when the main source of the symmetric order flow shocks is difference of opinion. Our results suggest that the proportion of the trader group generating the symmetric order flow shock in a market can explain the differing performance of PSOS across markets. Further research in other markets will be necessary to clarify the effect of the main source of symmetric order flow shocks on the explanatory power of PSOS on expected stock returns. Moreover, this paper contributes to the literature on the role of individual investors in asset pricing. Individual investors are generally regarded as noise or uninformed traders, so the question of how they affect stock prices has been actively investigated. Kumar and Lee (2006) report that systematic noise trading of individual investors can affect stock prices, using a measure of individual investor order imbalance. They insist that systematic noise trading causes limits to arbitrage and makes stocks overpriced, and consequently reduces future returns. According to Miller (1977) , prices reflect more optimistic valuations if pessimistic investors are constrained by short-sale costs, and this overvaluation will lower future returns. We present evidence that individual investors generate symmetric order flow shocks because of differing opinions on the meaning of public news, and their trading activity leads to lower future returns. The symmetric order flow shocks caused by difference of opinion on news can be interpreted as noise trading, resulting in limits to arbitrage, so our results can be interpreted as consistent with Kumar and Lee (2006) .
The remainder of this paper proceeds as follows. Section 2 describes the data and methodology of variable construction and overall analysis. Section 3 briefly introduces the original PIN model and DY's adjusted PIN model. Section 4 presents the results of the model estimation and asset pricing tests. Section 5 describes our conclusions.
Data and Methodology
Our sample includes all stocks in the Korea Composite Stock Price Index (KOSPI). To estimate the structural models on market microstructure, our sample period is restricted to [2001] [2002] [2003] [2004] [2005] [2006] , due to the availability of relevant intraday transaction data with trader type. Our data contain a time-ordered record of every stock transaction on the Korea Exchange (KRX) and information regarding the types and order numbers of buyers and sellers, which enables us to clearly identify the initiator of each trade without employing the Lee and Ready (1991) algorithm, which is reported to have misclassification problems (Odders-White, 2000; Ellis, Michaely, and O'Hara, 2000; Asquith et al., 2010; Chakrabarty, Moulton, and Shkilko, 2012) .
We define the initiator of a trade as the trader who placed his/her order later than the other among the buyer and seller, following the chronological definition of Odders-White (2000) . 6 Using the order submission number of the buyer and seller of each transaction, we can figure out who placed the order later.
[Insert Table 2 ] Table 2 shows a part of our intraday transaction data on January 12 th , 2004. Each row provides information about one transaction, such as a transaction price, number of shares traded, or the time the transaction completed. Specifically, the 8 th and 9 th columns present the order submission number of the buyer and seller of the given transaction, respectively. We determine the initiator of each transaction using this information. For example, the first 6 Odders-White (2000) describes the initiator of a transaction as the person who caused the transaction to occur, and thus defines an initiator is a trader who placed his or her order last, chronologically. Our data provide the order submission numbers of the buyer and seller of each transaction, so we can figure out who placed the order later. However, most of data sets used in many empirical studies do not provide the order submission numbers of the buyer and seller, so using this method is not available. Odders-White (2000) evaluate the accuracy of the Lee and Ready (1991) algorithm by comparing the initiator determined by the algorithm and the true initiator determined by the order submitted time. The order submission number in our data can be a substitute of the order submitted time in the data of Odders-White to determine the true initiator who placed the order last, thus we document in our paper that we can clearly identify the initiator of each trade without employing the Lee and Ready (1991) algorithm. In the literature, many studies find the true initiator of a transaction in the same way and examine the errors from using the algorithm (Aitken and Frino, 1996; Finucane, 2000; Lee and Radhakrishna, 2000; Hwang et al., 2013) . Our data also provide information about whether a buyer or a seller is an individual, institutional, or foreign investor. Using this trader type information, which cannot be found easily in other financial markets, we compare each group's trading pattern with the structural order flow of the models in Section 4.3. Since information about trader type is not available in general, many studies proxy trader type by trade size (Hvidkjaer, 2008; Barber et al., 2009 ), but Lee and Radhakrishna (2000) document that there are errors using trade size as a proxy for trader type and suggest a way to categorize trades by size to minimize type I and II errors in identifying trader types in the US market. Since our data set provides accurate information on trader type, our research is free from the trader type identification issue. To capture the concentration of each trader group in each firm, we aggregate the number of shares transacted by each trader group during a given day and normalize it with the number of shares outstanding. For annual analysis, we compute the annual average of that daily normalized trading volume for each trader group.
Our analyses also require us to use monthly and daily financial data; these are provided by DataGuide and the Korean Research Data Service (KRDS). To construct market beta, turnover, Amihud (2002) illiquidity measure, and other control variables, we use monthly and daily data, including return and volume provided by DataGuide. The turnover measure (TURNOVER) is the annual average of daily turnover. For the Amihud illiquidity measure (ILLIQ), we compute the annual average of daily price impact of trading volume. We estimate market beta as follows: first, for each firm-month, we estimate market loadings using 60 months of past data. We then form 10 portfolios based on these pre-ranking factor loadings.
Using the returns from these portfolios, we estimate the full period beta for each portfolio and assign this beta to each firm in the portfolio. For firm size and book-to-market ratio, we collect the market value of firms in December and the book value of firms in June for each year from KRDS. In each year, we exclude firms that do not have market capitalization data in December of the previous year. Easley and O'Hara's (1992) sequential trade model provides a measure of the probability of informed trades captured by order imbalance. Their model assumes that informed traders buy (sell) stocks when they receive positive (negative) private information and they do not trade if there is no information. Noise traders do not have any private information and they buy and sell regardless of the existence of private information in the market. Their model has been extended by many studies, and in this paper, we employ the Easley et al. (1996) model as the original PIN model. According to this model, the original PIN is defined as follows:
The PIN Model and Its Extension
where is the probability that a private information event occurs at the beginning of a day, is the daily arrival rate of orders from informed traders, and and are daily arrival rates of buy and sell orders from noise traders, respectively.
In the US stock market, DY document that the original PIN model does not fit the data well, 
where is the probability that a private information event occurs at the beginning of a day; and are the daily arrival rate of buy and sell orders from informed traders, respectively; and are daily arrival rates of buy and sell orders from noise traders, respectively; and and ′ are the probability that a symmetric order flow shock occurs conditional on the arrival of private information and absence of private information, respectively. In the event of a symmetric order flow shock, the daily arrival rates of buys and sells are ∆ and ∆ . Eom et al. (2016) show that the original PIN model exhibits exactly the same problems in the Korean stock market that DY pointed in the US stock market, and suggest that, among the five variants of DY adjusted PIN model, the unrestricted version fits best in the Korean stock market. 7 We employ this unrestricted version in this paper. We estimate the adjusted PIN model by the maximum likelihood method following DY and Eom et al. (2016) . 8 The 7 DY employ Model 4 which has a restriction that the probabilities of the symmetric order flow shock conditional on the arrival of private information and absence of private information are the same ( = ′). In this paper, we employ Model 5, the unrestricted model allowing ≠ ′. 8 The likelihood function of the extended model is aggregated daily number of buys and sells are used for estimation, and in each firm-year, we maximize the likelihood with 50 different, randomly chosen, starting points. Then, the maximum of these 50 maximization results is chosen as our final results.
[Insert Table 3] Panel A of Table 3 In cross-sectional regressions, we include market beta (Beta), the log of market value of firm equity at the end of the previous year (log(ME)), the log of book value divided by market value
where B and S are the number of buys and sells for a given day and = ( , , , , , , , ′ , ∆ , ∆ ) is the parameter vector. The original PIN model can be regarded as a restricted model with restrictions = and for the previous year (log(BM)) 11 , and the Amihud (2002) illiquidity measure (ILLIQ), which is the annual average of daily price impact. We report the summary statistics for these variables in Panel C of Table 3 . Our sample data are not concentrated in the group with a specific characteristic. The differences in the minimum, maximum, and standard deviation of each variable suggest that there is sufficient cross-correlation variation in our sample. For example, the minimum value of log(ME) is 1.80 and the maximum value of it is 18.39. Its mean and standard deviation are 11.07 and 1.62, respectively, suggesting that our data are not concentrated in small firms.
Results

Asset pricing tests of PIN, AdjPIN, and PSOS
In this section, we perform cross-sectional analysis with PIN, AdjPIN, and PSOS. The original PIN is used as a proxy for information risk in the literature, but with mixed results.
Moreover, according to DY and Eom et al. (2016) , the original PIN model shows problems in explaining the stylized facts of the markets. We mainly focus on the pricing effect of AdjPIN and PSOS, but we also test the pricing effect of PIN for comparison.
[Insert Table 4 ] Table 4 shows the results of the cross-sectional analysis. PIN and AdjPIN are not significantly priced. Our data provide error-free estimates of the original and adjusted PIN models, so we expect that these insignificant results are not derived by the error of PIN and AdjPIN. Indeed, the insignificant results of PIN and AdjPIN are not surprising, since these results are consistent with DY, LNZ, and other literature. The relevant literature reports that information risk is diversifiable and can be regarded as an idiosyncratic risk, so it is not priced (Hughes, Liu, and Liu, 2007; Lambert, Leuz, and Verrecchia, 2007) Most importantly, PSOS has significant and negative coefficients. These negative coefficients are consistent with LNZ's finding and inconsistent with that of DY. ILLIQ has a positive and significant coefficient in Model 6, indicating that there exists an illiquidity premium but it becomes insignificant if PSOS is included. The coefficient of PSOS, however, remains significant even though ILLIQ is included. This indicates that PSOS is not simply an illiquidity measure, as DY insist.
Our results that PIN and AdjPIN are not significant, and that PSOS is negatively priced and not affected by the illiquidity measure, are not surprising. LNZ report consistent findings in 12 Much research from three distinct directions has raised questions on the credibility of the PIN measure. The first is related to the fact that PIN contradicts the empirical stylized facts, especially in event studies (e.g., see Duarte and Young, 2009; Petchey, Wee, and Yang, 2016) . The second is related to problems such as numerical overflow and so-called time-horizon issues which arise in the estimation of PIN (e.g., see Easley, Engle, O'Hara, and Wu, 2008; Tay, Ting, Tse, and Warachka, 2009; Lin and Ke, 2011) . The third is related to the bias in the theoretical underpinnings of PIN (e.g., see Collin-Dufresne and Fos, 2015; Duarte et al., 2015; Back, Crotty, and Li, 2016). 47 countries, but they leave these results unexplained. In sections 4.2 and 4.3, we focus on the meaning of PSOS in the Korean market and verify why PSOS is negatively priced.
PSOS and difference of opinion
We employ the turnover measure as a proxy for difference of opinion following Diether et al. (2002) , and examine whether PSOS is significantly associated with the turnover variable.
According to the definition of PSOS in the adjusted PIN model, PSOS is the ratio of the expected number of trades caused by the symmetric order flow shock to the total expected number of trades. DY note that there are at least two possible explanations for symmetric order flow shocks. One possible cause is that traders coordinate on trading on a certain day to reduce trading costs as Admati and Pfleiderer (1988) suggest. In addition, DY suggest the occurrence of a public news event whose implications traders disagree as another possible cause. In other words, when heterogeneity among investors increases, symmetric order flow can occur. These two possible explanations provide implications for the relation between symmetric order flow and different aspects of liquidity. The first explanation suggests that symmetric order flow occurs with one aspect of liquidity in terms of the smaller price impact.
The other explanation, however, suggests that symmetric order flow occurs with liquidity improvement, which is the larger trading volume but not directly related to the smaller price impact. Thus, we employ stock turnover (TURNOVER) to capture the disagreement effect and the Amihud illiquidity measure (ILLIQ) to account for the price impact, and then explore the two above explanations by examining the relations between PSOS and the two measures.
To explore this issue, we first compute correlations among PIN, AdjPIN, PSOS, Amihud illiquidity measure, the turnover measure, and other related variables.
[Insert Table 5] Table 5 displays the correlation matrix. Contrary to DY's results, PSOS has a negative correlation with ILLIQ (-0.179 with t-statistics = -3.18), which indicates that it is not appropriate to interpret PSOS as an illiquidity measure in the Korean market, but PSOS has a positive and more significant correlation with TURNOVER (0.399 with t-statistics = 8.50). This suggests that PSOS is a proxy for difference of opinion, as expected.
To further explore the relation between PSOS and difference of opinion, we perform two analyses. First, we sort firms into quintiles based on their PSOS, and then investigate changes in the number of buys and sells and TURNOVER when public news is announced. We regard the news announcement as the event causing disagreement among investors. Second, we perform cross-sectional analysis with TURNOVER. We verify whether TURNOVER affects the predictive power of PSOS.
First, in each year t, we sort firms into quintiles based on their PSOS estimated in the previous year. For each quintile portfolio, we calculate the average of annual PIN-related measures, PIN, AdjPIN, and PSOS, and then average number of buys (BUYS) and sells (SELLS), average net order imbalance (IMB), average value of ILLIQ, and average value of TURNOVER on event and non-event days, respectively. If the symmetric order flow is caused by difference of opinion, then the high PSOS portfolio will show an increase in the number of buys and sells when public news is announced. More directly, the high PSOS portfolio will also show increased difference of opinion, which is measured by TURNOVER, in response to the news.
As public news that may cause disagreement among investors, we use fair disclosure announced on the Korea Exchange. 13 Since the fair disclosure rule was implemented in November 2002, for this analysis, we restrict the sample period to 2003-2006. [Insert Table 6] 13 All fair disclosures can be collected from the Korea Exchange website (httep://kind.krx.co.kr). Table 6 presents the trading activity of each PSOS quintile on event days and non-event days, respectively. As PSOS increases, PIN does not show a big difference across portfolios, while AdjPIN shows a decreasing pattern. These patterns seem to be consistent with the results in Table 5 that PIN is weakly correlated with PSOS and AdjPIN is negatively correlated with PSOS. Except for the lowest PSOS quintile, all portfolios show an increase in the number of buys and sells on event days. The lowest PSOS portfolio has an increase of 1.4 buys and a decrease of 1.0 sells on event days on average, while the highest PSOS portfolio has an increase of 7.6 buys and 9.1 sells. Interestingly, the pattern of IMB shows that, as PSOS increases, the relative increase of SELLS is larger than that of BUYS. In Table 3 , the estimated values of ∆ are higher than those of ∆ , thus the larger increase of SELLS in high PSOS firms seems to be consistent with the model. The increase of TURNOVER in the highest PSOS quintile is three times that in the lowest quintile. The TURNOVER variable of the lowest PSOS quintile changes from 0.012 to 0.014, while that of the highest quintile changes from 0.038 to 0.044. This indicates that the increase in difference of opinion in response to public news is larger in higher PSOS firms. Overall, the results shown in Table 6 support our hypothesis.
Next, we perform the cross-sectional analysis with TURNOVER, and investigate whether the significant coefficient of PSOS is attributed to difference of opinion. In the literature, the role of heterogeneous beliefs among investors in predicting the cross-section of stock returns has been an important issue. Miller (1977) introduces a theoretical model in which prices reflect more optimistic valuation if pessimistic investors are constrained in trading due to short-sale costs, and this overvaluation produces negative future returns. Hence, the higher disagreement among investors produces lower future returns according to Miller's model. Diether et al. (2002) and Boehme, Danielsen, and Sorescu (2006) find empirical evidence of overvaluation of high dispersion stocks under short-sale constraints. If PSOS is a proxy of difference of opinion as in our hypothesis, then the negative coefficients in Table 4 will be attributed to the component related to difference of opinion. We include TURNOVER to control difference of opinion.
[Insert Table 7] In Models 1 to 3 of Table 7 , the negative coefficients of TURNOVER are significant in the models overall, and they are significant even after controlling for PSOS and ILLIQ. By contrast, PSOS loses its predictive power if TURNOVER is included. These features provide further evidence that the difference in opinion among investors is behind the negative relation between PSOS and expected returns on stocks.
To examine more precisely the effect of TURNOVER on the pricing effect of PSOS and to compare it with that of ILLIQ, we construct two measures, AdjPSOS1 and AdjPSOS2. The AdjPSOS1 (AdjPSOS2) variable is an adjusted PSOS measure that is orthogonal to ILLIQ (TURNOVER). In each month, we regress PSOS on ILLIQ (TURNOVER) and then subtract the component related to ILLIQ (TURNOVER) from PSOS. The sum of the intercept and residual is defined as AdjPSOS1 (AdjPSOS2). We expect the coefficients of AdjPSOS1 and AdjPOS2 to become insignificant if the eliminated part plays an essential role to be priced. Table 7 examines whether PSOS, after the illiquidity effect is controlled, has an explanatory power for cross-sectional expected return on stocks. The coefficient of AdjPOS1 in Model 4 is negative and statistically significant at the 1% significance level, which shows that the significant effect of PSOS is not driven by the illiquidity component. On the other hand, in Models 5 and 6, examining whether the PSOS effect survives after controlling the turnover effect, the coefficients of AdjPSOS2 are negative, but not statistically significant even at the 10% significance level. Overall, these results show that PSOS is negatively priced due to the component related to the difference of opinion (TURNOVER), not due to the component related to illiquidity.
Model 4 in
As DY document, there can be more than one cause of symmetric order flow shocks. The dominant cause in the market can differ across markets and thus derive different meanings of PSOS. In the literature, however, the cause of symmetric order flow shocks is left unexplained.
In the Korean market, PSOS seems to be a proxy for difference of opinion, which explains the negative relation between PSOS and stock returns. Our empirical results shed light on this important issue, but further research on the causes of symmetric order flow in other countries is needed.
Difference of opinion among individual investors
In this section, we investigate whether the trading activity of individual investors is the main contributor of the predictive power of PSOS. Difference of opinion can be regarded as a response by uninformed traders to public news. Among various types of investors -domestic institutional, domestic individual, and foreign investors -we focus on individual traders for two reasons. First, individual investors are regarded as noise traders or uninformed traders in the literature (Kumar and Lee, 2006; Barber and Odean, 2008; and Barber et al., 2009 ). This indicates that they potentially have different implications with regard to public news, because of the lack of accurate information. Second, one of the notable features in the Korean market is that there is a large proportion of individual investors trading in the market (Choe, Kho, and Stulz, 1999; Kang, Kwon, and Sim, 2013) . The effect of their trading on the Korean market can be greater than that in other markets. Thus, we hypothesize that individual investors are the main group of traders generating the symmetric order flow because of difference of opinion; thus they are the main contributor of the significant relation between PSOS and expected returns.
To examine this hypothesis, first we investigate the correlation of each trader group's buys and sells. In the adjusted PIN model, informed traders participate in only one side following their information, if there is an occurrence of private information; thus the correlation of their buys and sells is negative. On the other hand, the symmetric order flow contributes to both sides if there is a shock in the market; thus, the correlation of buys and sells is positive in this case. As we hypothesize, if individual investors are those who have heterogeneous beliefs and generate the symmetric order flow, then their buys and sells show a positive correlation.
Our intraday transaction data provide information about the types of buyers and sellerswhether they are institutional, individual, or foreign investors. For each day, we aggregate the number (volume) of buys and sells of each investor group, and then compute the time series average of annual correlations of daily buys and sells. The correlations are reported in Table 8 .
[Insert Table 8] In Table 8 , note that the individual investor's buys and sells are highly correlated. In terms of number of buys and sells (nbuy and nsell), the correlation of individual investors is 0.800, which is notably higher than that of other groups, 0.121 and 0.120, and it is the only significant result. We can see the consistent results in terms of volume (vbuy2 and vsell2). This means that individual investors tend to buy and sell simultaneously on a given day, and this seems to be similar to the symmetric order flow of the adjusted PIN model. In other words, the results in Table 8 suggest that symmetric order flow can be closely related to the trading of individual investors.
To investigate further the relation between PSOS and trading activity of individual traders, we construct a measure to capture the level of trades of each investor group on a given stock.
By modifying the measures of Kumar and Lee (2006) and Han and Kumar (2013), we define the relative trading activity (or concentration) of a given investor group as a normalized number of shares traded by them (NTA) as follows.
We compute the annual average of those daily NTA measures. Since TURNOVER is the ratio of total trading shares to total number of shares outstanding, we can regard three NTA measures as components of TURNOVER. 14 Thus, by comparing the effects of these three measures on PSOS, we can verify which component is the main contributor of the predictive power of PSOS, as follows.
First, we examine the correlations of NTA measures and PIN-related measures. There is a belief that foreign investors and institutional investors are relatively more informed than retail investors, but some of the literature shows evidence inconsistent with this belief. In particular, Choe, Kho, and Stulz (2005) document that foreign investors in the Korean stock market are not informationally advantaged compared with domestic investors. Thus, we do not expect high correlation of PIN or AdjPIN with any specific trader group, but we expect PSOS and the individual trader group to be highly correlated in this analysis. As we suggest from Table 8, if the trading activity of individual investors is closely related to the symmetric order flow, then PSOS will be highly correlated with RNTA. The time series average of the annual correlation among NTA measures and other key variables is reported in Table 9 .
[Insert Table 9] In Table 9 , PIN and AdjPIN do not show the expected highly positive correlation with any specific trader group. By contrast, PSOS appears to be highly correlated with RNTA (0.388).
INTA and FNTA also have positive correlations with PSOS (0.099 and 0.177, respectively), but the levels and significance of correlations are much smaller than RNTA. Overall, in Table 8 and Table 9 , we confirm that PSOS is highly correlated with the trading of individual investors.
To investigate whether the trading of individual investors is caused by difference of opinion, we revisit the analysis in section 4.2. In each year t, we sort firms into quintiles based on the firms' PSOS estimated in the previous year. For each quintile portfolio, we calculate each investor group's average number of buys and sells on event and non-event days, respectively.
[Insert Table 10] In Table 10 , all trader groups show increases in buys and sells on event days in general, but the size of increase in buys and sells across PSOS quintiles shows different patterns. Next, we perform the cross-sectional analysis to examine whether trading activity of individual investors is the main contributor of the significant pricing effect of PSOS. Three NTA measures can be regarded as components of TURNOVER, and we expect that RNTA is the key component driving the negative relation between PSOS and future returns.
Institutional investors and foreign investors show an almost U-shaped
[Insert Table 11] In Table 11 To summarize, we first verify that domestic individual investors generate symmetric order flow because of difference of opinion and that their trading is the main contributor of the explanatory power of PSOS. In the previous section, we find that PSOS is closely related to TURNOVER because the symmetric order flow is caused mainly by difference of opinion in the Korean market. In this section, we decompose TURNOVER into three trading activity measures, and show that among these three components, the component that captures the trading of individual investors contributes to the negative coefficient of PSOS, while other components do not.
Conclusion
We use transaction data that includes trader type in the Korean stock market, mainly to examine what drives the significant relation between PSOS and expected returns. To accomplish this, we first perform asset pricing tests with PIN, AdjPIN, and PSOS, and find that AdjPIN is not priced, but PSOS is negatively priced. Focusing on the explanatory power of PSOS, we investigate the main cause of symmetric order flow and why PSOS is negatively related to expected returns. We show that PSOS is not a proxy of illiquidity in the Korean market, which is quite different from DY's results, but PSOS is closely related to TURNOVER, which is a proxy for difference of opinion. We compare the response of high PSOS firms and low PSOS firms to the announcement of public news causing difference of opinion. We find that higher PSOS firms show greater increase of difference of opinion (TURNOVER) on days with public news. Next, using cross-sectional analysis, we confirm that the projection of PSOS on TURNOVER is priced while the residual is not, which confirms that only the part of PSOS related to TURNOVER is negatively priced. Finally, we decompose TURNOVER into three components -the trading activity measures of institutional, individual, and foreign investors -and investigate which component is the main contributor of the negative coefficient of PSOS.
To investigate this issue, we first show that individual investors seem to have a greater increase of difference of opinion when there is an occurrence of public news, and consequently generate symmetric order flow. Thus, we find that the trading activity of individual investors significantly contributes to the explanatory power of PSOS in the cross-sectional analysis, while other types of investors do not.
Our results show that PSOS can be negatively priced when the dominant cause of symmetric order flow shocks is difference of opinion. DY construct the adjusted PIN model and apply it to the US stock market. They find that PSOS is positively priced as a proxy of illiquidity, but they do not clarify the cause of the symmetric order flows. Using data from 47 countries, LNZ find that PSOS is negatively priced, but they leave this finding unexplained.
The Korean stock market has distinctive features compared to the US stock market. First, the Korean stock market does not have designated market makers as in the US stock market.
In the Korean market, buyers and sellers, who can submit both limit and market orders, meet via the Automated Trading System. Second, in the Korean stock market, most of the trading is done by individual investors. In this paper, we put more weight on the second distinctive 
